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HE ATOMIC SUBMARINE Triton glides 
swiftly and silently through the deep. As 
its power plant purrs steadily, scores of elec- 
tronic watchdogs probe every part of the sub’s 
powerful reactor. Suddenly the pressure in a 
reaction chamber begins to rise over the al- 
lowable amount. One of the electronic guar- 
dians instantly notes the rise and applies a 
corrective signal—before a human operator 


could know that anything had begun to go 
Scores of magnetic amplifiers in the 


wrong. 
The electronic watchdogs that keep the world-circling Triton control its atomic 
Tri $ -f l 1 ti reactor. Above, finishing touches are 
riton’s POWER ul nuclear plant Opera ing put on the General Electric “magnetic” 
without a hitch are magnetic amplifiers— that monitors the reactor's temperature. 
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Fig. 1. 


half-wave magnetic amplifier. 


Basic circuit for 


almost a hundred of them are used for this 
critical job. Yet these same magnetic am- 
plifiers—the heart of the control system of 
one of the world’s most up-to-the-minute 
fighting machines—are straight out of the 
horse-and-buggy era. 

Forgotten and Rediscovered. Mag- 
netic amplifiers came into being when the 
century was just one year old. It would 
be six years—in 1907—before a youngster 
named Lee DeForest would make news 
with his audion, the world’s first vacuum- 
tube amplifier. And the transistor was still 
47 years in the future. 

For a while, it looked as though the mag- 
netic amplifier would hold its own against 
that upstart, the audion. In 1916, E. F. W. 
Alexanderson, the electronic pioneer, em- 
ployed magnetic amplifiers to modulate his 
early transmitters and many World War I 
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Stages in the assembly of 

a magnetic amplifier. Its sim- 
ilerity to a transformer in con- 
struction technique and gen- 
eral appearance is striking. 


transmitting stations used his circuits. By 
the early 20’s, however, the flashy vacuum 
tube had taken aver, and the “magnetic” 
was almost forgotten in this country. 

It was not forgotten in Germany, how- 
ever, as we found out when World War II 
started. In the years between the wars, the 
Germans had brought the magnetic ampli- 
fier to a high state of development. War- 
time found them using magnetics for re- 
liable, accurate, and trouble-free control of 
everything from gun turrets to automatic 
pilot systems, and they even used them in 
the V2 rockets. 

Awakened to the possibilities inherent in 
this design, Allied scientists began to push 
the development of magnetic amplifiers. 
Before much progress had been made, 
though, the war was over. But the spark 
had been kindled, and a few years later 
Vickers Inc. (now a division of Sperry 
Rand) came out with the first commercially 
produced magnetics. 

By that time, interest had been aroused 
all over the world. In the following decade, 
hundreds of other firms, including all the 
big names in electrical and electronic equip- 
ment, have added magnetics to their prod- 
uct lines. And almost no branch of industry 
now operates without them. 

Flux Controls Current. A modern-day 
magnetic amplifier is, essentially, nothing 
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Magnetic amplifiers like the Vickers unit 
above allow fingertip control of elaborate 
lighting systems in TV studios. (NBC photo) 


more than an iron core with two or more 
coils of wire wound around it. In construc- 
tion and appearance, it is similar to a trans- 
former. But there the similarity ends. 

A magnetic amplifier—or saturable reac- 
tor, as it is sometimes called—is a true 
amplifier. Like a vacuum tube, it uses a 
small signal to control a large one. But 
there are sharp differences. Where the 
vacuum tube controls a current flowing to 
a d.c. power supply, the magnetic amplifier 
controls an a.c. flow. While the vacuum 
tube is primarily a voltage amplifier, the 
magnetic is a power amplifier. And where 
the vacuum tube uses voltage variations to 
control a flow of electrons, the magnetic 
amplifier controls current flow through a 
coil by varying magnetic flux. 

Magnetics come in half-wave and full- 
wave types, as do a.c. power supplies. 
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First, let’s look at the basic half-wave cir- 
cuit shown in Fig. 1. 

A d.c. current flowing through the con- 
trol winding will cause a build-up of mag- 
netic flux in the iron core. The greater the 
flux, the lower will be the impedance of the 
output winding. With a lower impedance 
in the circuit, more current will flow from 
the a.c. power supply through the output 
winding and the load. 

When the current in the control winding 
reaches a certain point, the core is said to 
be saturated, which means that it has all 
the flux it can hold. At this point, the im- 
pedance of the output winding is very low, 
and the current through the load is very 
high. On the other hand, when there is no 
control current flowing, and consequently 
no flux in the core, the output impedance 
is extremely high, and practically no cur- 
rent flows through the output winding or 
the load. Thus, by controlling the current 
through the control winding, the output 
winding impedance, and consequently the 
current through the load, is made con- 
tinuously variable. 

A rectifier in series with the output wind- 
ing keeps the constantly reversing polarity 
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Fig. 2. Basic circuit for a 
full-wave magnetic amplifier. 


A.C. SUPPLY 
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Thanks to magnetic amplifiers, this paper-making machine at West 
Tacoma Newsprint Corporation in Tacoma, Washington, can operate 
at 5000 feef per second, many times faster than previously possible. 
Magnetics continuously adjust the speed of the take-up rollers, slowing 
them down as the roll of paper gets larger. Control room is at left. 





of the a.c. supply from cancelling out the 
control winding flux. The direction of the 
current flow through the secondary is ar- 
ranged so that the magnetic fluxes created 
by the two windings reinforce each other 
rather than cancel each other out. 

A full-wave circuit is shown in Fig. 2. It 
works like the circuit in Fig. 1, except that 
it makes use of both half cycles of the a.c. 
supply current. The two halves of the out- 
put winding are wound so that the direction 
of the magnetic flux created by both of 
them in the center leg of the core is the 
same as the direction of the flux created 
by the control winding. 

The bias winding can be used to control 
the general range of the amplifier’s opera- 
tion, just as the bias on a vacuum tube 
causes the tube to operate on a certain part 
of its characteristic curve. In a magnetic 
amplifier, when a small bias current flows, 
a certain amount of flux is continuously 
present in the core, even with no control 
voltage supplied. Thus, the impedance of 
the output winding will never reach its 
maximum value, nor will the current 
through the load reach its minimum. 

Many magnetic amplifiers have an addi- 
tional control winding which is used for 
feedback. This winding taps a certain 
amount of the output circuit’s current and 
applies it back as a control current. As 
with a vacuum tube, the feedback can be 
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either negative or positive. In general, 
negative feedback improves the linearity 
of the amplifier while positive feedback 
increases its gain. 

Single-stage magnetics can be built with 
gains of about 200,000, far beyond the capa- 
bilities of the vacuum tube. With a gain 
on this order, a few milliwatts of power in 
the control winding—-an amount that could 
be supplied by one or two flashlight cells— 





may control a load of 25,000 watts in the 
output circuit. 

Rugged and Reliable. Magnetics are 
extremely rugged. They can be—and fre- 
quently are—completely potted and sealed 
in airtight containers. They thrive on ex- 
tremes of heat, dust, moisture, vibration, 
and other adverse conditions that would put 
vacuum tubes and transistors out of opera- 
tion. Their efficiency is high, as with trans- 
formers and other magnetic devices. In 
addition, no filament current is required. 
So little heat is generated by magnetics 
that they can be packed into extremely 
small containers which need practically no 
ventilation or cooling. 

Because magnetics can handle large 
amounts of current easily, they are a natu- 
ral choice for electric furnace control. A 
Reynolds Aluminum Company furnace in 
Corpus Christi, Texas, uses such a control 
system. Precise furnace control by mag- 
netics also helps to “grow” transistors in 
the latest types of transistor-manufactur- 
ing processes. 

Magnetics have recently begun to invade 
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the field of entertainment, too. NBC’s two 
big color television studies—one in Burbank, 
California, the other in Brooklyn, N. ¥.— 
have magnetic amplifier lighting-control 
systems. With this setup, the lighting man 
has fingertip control over each of tne hun- 
dreds of lights throughout the studio. He 
can control them individually or in banks, 
as he desires, working from a small key- 
board that looks something like an organ 


Steel-rolling mills use mag- 
netic amplifiers, too. Because 
the steel gets longer as it is 
rolled, each set of rollers must 
turn at a slightly different 
speed. Magnetics keep all the 
rollers operating at the prop- 
er speed relationship regard- 
less of how fast the steel is fed 
in. (Pittsburgh Steel photo) 


console. Unlike older types of theatre light- 
ing devices—autotransformers and rheo- 
stats—magnetics present no fire hazard. 

Since magnetic amplificrs have no mov- 
ing parts and no delicate components, they 
last for years with virtually no mainte- 
nance. For this reason, they are used in 
such critical applications as the control of 
the atomic pile in nuclear subs and in 
missile-guidance systems, where reliability 
under adverse conditions of vibration, heat, 
and acceleration is vital 

Reliability is also the reason magnetics 
were chosen to monitor and control the 
critical voltages and currents of the trans- 
atlantic cable. If a voltage begins to 
change, a magnetic compensates for the 
change, ard, at the same time, sounds an 
alarm so an operator can check to find the 
reason for the change. If the current drawn 
by the underwater repeater amplifier tubes 
begins to rise, once again the alarm is given, 
and corrective action is taken automati- 
caliy. By insuring that the current does not 
rise to dangerous levels, the magnetics pro- 

(Continued on page 109) 
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